Five sets of littermate gilts (8.2 • .19 kg average initial weight) were randomly assigned within litter to a 16% protein corn-soybean meal basal diet (B), B + .308% neomycin, or B + 55 ppm carbadox. Each set was equally-fed individually once daily for 16 d in metabolism cages and 5 d in calorimeters. The average daily feed intake for 21 d was 276 g. Oxygen consumption and CO 2 production were measured during an 8-to 24-h postprandial period on d 16, 19, 20 and 21, and during a 32-to 48-h postprandial period after the d 21 feeding. Pigs were killed 50 h postprandially for gastrointestinal tract measurements. Dietary supplementation of antimicrobial agents (neomycin and carbadox) resulted in improvements (P<.01) in daily gain and efficiency of feed utilization and lower (P<.05) small intestinal mass in pigs. There was no difference (P>.05) in daily gain, feed efficiency or small intestinal mass between pigs fed neomycin-or carbadox-supplemented diets. Whole-animal fasting 02 consumption and CO 2 production measured during the 8-to 24-h or 32-to 48-h postprandial period were not affected (P>.05) by the supplementation or the source of dietary antimicrobial agents. There were no differences (P>.05) in 8-to 24-h fasting 02 and CO 2 measurements determined on d 16, 19, 20 and 21, indicating that adaptation to calorimeters was not needed by the pigs. The present study, thus, confirms that the growth-promoting effect of certain antimicrobial agents (e.g., carbadox, neomycin) in young pigs may be related to the reduction of the small intestinal mass, and that the hypothetic decrease in maintenance energy demand from reduced small intestinal mass cannot be detected consistently by measuring whole-animal fasting metabolic rate.
I ntrodu ctio n
The mechanism(s) whereby subtherapeutic levels of antibiotics and other antimicrobial agents improve rate of weight gain and feed efficiency in animals is still not clear (Visek, 1978; NRC, 1980) . Reduced weight of small intestine has been observed in pigs fed chlortetracycline (Braude et al., 1955; Taylor and 1 The authors thank jeneil Dague, Ted Acton, Dr. Ron Lindvall, and associates for animal feeding and care; Eldon Shetler, Neal Kreutz and Lei Hwa Yen for technical assistance; Dr. Mike MacNeil for statistical advice; Jim Wray and associates for data analyses; and Sherry Hansen for typing the manuscript.
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Agric. Res. Serv., Roman L. Hruska U.S. Meat Anita. Res. Center. Received January 12, 1987 . Accepted June 12, 1987 Harrington, 1955) and carbadox, a synthetic growth promotant (Yen et al., 1985) . Due to its high metabolic rate, the gut has been suggested to contribute significantly to total body fasting heat production (Webster, 1981; Koong et al., 1982) . Thus, one should expect animals with reduced small intestinal mass to have a lowered fasting heat production and to divert a higher portion of ingested energy and nutrients to body weight gain. Indeed, a trend toward a higher body weight gain with concomitant lower small intestine weight was observed in pigs fed carbadox (Yen et al., 1985) . However, no consistent reduction in whole-animal fasting heat production of pigs fed carbadox could be demonstrated in our previous study (Yen et al., 1985) . One possible cause is the relative insensitivity of our indirect calorimeters, particularly when the animals were allowed only 6 to 8 h adaptation to the unfamiliar calorimeter settings before heat production was measured. (Blaxter, 1974) . Nevertheless in rats contaminated with E. cell and Proteus sp, neomycin produced a drop in 02 consumption and CO 2 production when gaseous measurements were taken after only a 60-min adaptation of the animal to the metabolic chambers (Levenson et al., 1969) . The objectives of this study were to determine 1) whether giving young pigs a longer adaptation period in calorimeters will improve the precision and reproductibffity of the indirect open circuit calorimeter, and 2) whether carbadox or neomycin will reduce 02 consumption and CO2 production in pigs.
Experimental procedure
Five sets of crossbred (Chester White x Landrace x Large White x Yorkshire) littermate gilts (8.2 + .19 kg average initial weight) that had never received any dietary antimicrobial agents and had been group-fed ad libitum for 1 wk a 16% crude protein corn-soybean meal basal diet (table 1) were used. They were randomly assigned within litter to 1) the basal diet, 2) the basal + .308% neomycin (added a.s Neomix AG-100, which contained 15.4% neomycin base), or 3) the basal + 55 ppm carbadox (added as Mecadox Premix-10, which contained 2.2% carbadox). The level of .308% neomycin was derived from the estimated quantity used in rats by Levenson et al. (1969) , while the 55 ppm carbadox was the approved dietary level for young pigs (Anonymous, 1987) . The pigs were housed individually in cylindrical metabolism cages (Yen et al., 1983) , fed an equal amount of feed within litter once daily at 0800 for 16 d, and managed as described previously (Yen et al., 1985) . The amount of feed to be fed was established by, first, offering 150 g of feed to each pig on d 1 for a period of 1 h and determining the amount consumed by the pig. The least amount of the feed consumed within litter was then offered to all three littermates on the next day. If any of the littermates did not consume all the feed within the 1-h period, then the least amount consumed was given to the litter on the following day. If the feed was consumed completely, its amount was then increased by 50 g every 2 to 3 d, depending on litters. After feeding on d 16, the pigs were moved to the indirect open-circuit calorimeters (Nienaber, 1981) at 1000. The 16-h 02 consumption and CO2 production of the pigs during the 8-to 24-h postprandial period were determined as described previously (Yen et al., 1985) .
The pigs were kept continuously in the calorimeters and each set was equally-fed once daffy at 0800 from d 17 through d 21 the amount of feed they received on d 16. The cumulative average daffy feed intake for the entire 21-d test period was 276 g. This amount of feed intake is lower than that generally observed in pigs allowed to consume feed ad libitum. However, it was necessary to use this lower level of feed so every pig within a litter would consume all the feed offered and so that the observed responses would not be confounded by the influence of varying feed intakes. Oxygen consumption and CO2 production were also measured during the 8-to 24-h postprandial period on d 19, 20 and 21, and during the 32-to 48-h postprandial period after d-21 feeding. The pigs were killed at 1000 on d 23 of the test (i.e., 50-h postprandially) for gastrointestinal tract and carcass measurements, as described by Yen et al. (1985) .
Data were analyzed by analysis of variance using the General Linear Models Procedure of SAS (1982) . For evaluating the performance and gastrointestinal tract of the pigs, individual pig was used as the experimental unit. The data were analyzed as a randomized complete-block CSupplied 868 mg choline/kg of diet.
design with litter as the block and residue mean square as the error term to test treatment differences. Orthogonal contrasts were made to evaluate dietary treatments. To test the effect of length of adaptation of animals to the calorimeters on the gaseous measurements and heat production, the repeated measurements from each pig during the 8-to 24-h postprandial periods were analyzed as a split plot in time design. The residue mean square was used as the error term to test the time effect and linear orthogonal comparisons in time. Orthogonal contrast comparisons in dietary treatments were made by using the litter x diet mean square as the error term. The data from the 32-to 48-h postprandial period were analyzed with the same approach as for the performance and gastrointestinal tract of pigs. The residue mean square from the split plot in time analysis was also used as the error term for contrast comparisons in the gaseous measurements and heat production between the 32-to 48-h fast and the repeated 8-to 24-h fast.
Resu Its
The effects of dietary supplementation of neomycin or carbadox on the performance and gastrointestinal tract of pigs are summarized in table 2. The daily gain and feed efficiency (gain/ feed) of pigs fed diets supplemented with antimicrobial agents were improved (P<.01) compared with those of pigs fed the basal diet. There was no difference (P>.05) in daily gain or feed efficiency between pigs fed the diet supplemented with neomycin or carbadox. Dietary supplementation of antimicrobial agents did not affect (P> .05)slaughter weight obtained at 50 h postprandially, empty carcass weight or the weight of stomach. However, pigs fed diets supplemented with antimicrobial agents had lower fresh weight of small intestine, whether expressed as absolute weight (P<.10) or as relative weight (percent of slaughter weight, P<.05). The dried weight and length of small intestine, the fresh weight of small intestine in relation to its length, and the weights of cecum and colon plus rectum of pigs were not affected (P>.05) by dietary supplementation of antimicrobial agents. There was no difference (P>.05) in the gastrointestinal tract measurements between pigs fed neomycin-or carbadoxsupplemented diets. Neither dietary supplementation of anfimicrobial agents, nor the length of adaptation to the calorimeter had any effect (P>.05) on 02 comumption, CO2 production, or fasting heat production of pigs when expressed per kilogram of metabolic body weight (kg" ~)-However, the gaseous measurements and calculated fasting heat production of pigs were lower (P<.01) during the 32-to 48-h postprandial period than during the 8-to 24-h postprandial period.
D/scuss/on
The effects of carbadox supplementation on the perfonlmnce, gastrointestinal tract and aEach diet was fed to five p~s~ bRepresents the average live weight between be~n" nln~ and Emkhing the caimimet~ measurem~ Effect (P<.01) of dietary supplementation of antimicxobial agv~L~ (1 vs 2+3), linear (P<.01) trend of the length of stay in the calorimeter and effect (P~05) of the kngth of ~ (8 to 24 h ws 32 to 48 h). Coefficient of w~tion = 1.0~ CEffeet (P~.01) due to the hmgth of fastht~ No effect (P>.05) due to dk1~ T sup~taxion or the Length of adaptation to the calorhneter. CoetTtcknts of variation for O a consumption, CO a production and fasting heat pmduetion were 5.5, 4.1 and 5.1%, respectively. dValues were calculated (Brouwer, 1965) as (3.866 X 02) § (1.200 X CO2).
fasting heat production in pigs as shown in the present study are in agreement with our previous study (Yen et al., 1985) . The present study also demonstrated that neomycin has effects similar to those of carbadox on the performance, gast~intestinai tract and fasung heat production of young pigs. However, unlike rats (Levenson et aL, 1969) , pigs fed the neomycinsupplemented diet did not have reduced 02 consumption and CO2 production compared with those fed the basal diet. The consistent impmv~t in the rate and~ of body weight gain with concomitant lower fresh weight of the small intestine in pigs fed carbadox as obsegved in the present and previous (Yen et aL, 1985) studies suggest that the growth-stimulating effect of cathadox and neomycin is related to the reduction of small intestinal mas~ On the basis that visceral organs have a disproportionally high metabolic rate and contribute significantly to the total body fasting heat production (Webster, 1981; Koong et al., 1982) , it can be theorized that pigs fed diets supplemented with growth-promoting anmnierobizl agents would have a lower total fasting heat production. However, in both our previous study (Yen et al., 1985) and the present study, no con~stent reduction of whole-~nimal fasting heat production was detectecL This failure apparently is not caused by the relative insensitivity of our calorimeters due to the possible adaptive adjustments of metabolism of the pigs in the calorimezm, because ~milar heat production values during the 8-to 24-h postprandial periods were obtained among the first, fourth, fifth and sixth days in the calorimeter. These results clearly indicate that no adjustment of metabolism of the pigs had taken place and that no adaptation to our calot4_meters is needed for mea~ring heat production of pigs which are already accustomed to confinement in metabolism cages. These findin~ are in agreement with the observation of Gray and McCracken (1980) , who also used dosed-circuit calot~hnetet~ for pigs we~hm~ 15 to 20 kg.
The failure to observe a cor~istent reduction in whole-animal f&~rin~ heat production of pigs fed growth-promoting antimierobial agents in our present and previous (Yen et ai., 1985) study could be caused by the confounding effect of increased heat production from enhanced protein accretion as a result of feeding a~iimlcrobial agents, hnproved retention of dietary nitrogen (Yen ct al., 1976; Roof and Mahan, 1982) and increased ratios of RNA to DNA and protein to DNA in the gracillus muscle (Moser et aL, 1980) have been repotted in young p~gs fed cmbadox. In nonmminaut animals the energy cost and heat production associated with the deposition of protein (7.4 kcal/g; Kidanowski, 1976) is about twice that for fat (3.8 kcal/g; Wdm~, 1977) . Thus, the theoretical decrease in heat production associated with the reduced small intestinal mass may be offset by increased heat production resulting from ~h~m~l protein accretion as a consequence of feeding antimicrobial agents. To illustrate clearly the effect of antimicrobial agents on the metabolic rate of small intestine, the 02 consumption by the small intestine per se, instead of by the whole-animal, should be determined.
The lower heat production olmerved in the present study duting the 32-to 48-11 postprandial period, as compared with the 8-to 24-h postprandial period is in accord with the pattezn of heat loss in pigs after the withdrawal of feed as reported by Close and Mount (1975) .
In the present study, the cumulative average daily feed intake of pigs for the entire 21-d test period was 276 g. This amount of feed intake is lower than that generally observed in pigs allowed to consume feed ad libitum. Thus, one might question whether the responses observed in the present study are representative of ad libimm-fed pigs when the pigs are ~icted to the degree as imposed in the ~t study. However, in one part of our previous study (Yen et aL, 1985) , when pigs (7.9 kg average weight) were fed ad libimm for 14 d, those fed the eat'badox-supplementcd diet consumed 512 g average daily feed and had tespouses to carbadox supplementation similar to those pigs in the present study.
